I. Introduction
===============

Prostatic Adenocarcinoma (PA) is the second most frequent cause of cancer death among men from western countries \[[@B12]\] but its etiology is not fully understood. Benign prostatic hyperplasia (BPH) has the highest prevalence among prostate diseases and, beside this, its etiology is also poorly understood \[[@B6]\]. Both diseases are usually associated with genetics, metabolic \[[@B5]\], proteomics \[[@B22]\] and glycomic alterations \[[@B28]\].

Glycomics assess functional and structural properties of glycoconjugates and their changes in many diseases through the glycosylation mechanism \[[@B26]\]. This biochemistry process is conducted by various glycosyltransferases being one of the most versatile and abundant co- and post-translational modifications of proteins and lipids \[[@B15]\]. One key glycosylation type is fucosylation, mainly during embryogenesis, development, cell adhesion, apoptosis and also in diseases \[[@B4], [@B15]\]. This process is mediated by fucosyltransferases (FUTs), an enzyme family, which it is codified by fucosyltransferases genes \[[@B18]\], acting in a variety of glycans with biological importance, often, in the final stage of glycosylation \[[@B8], [@B18]\]. These enzymes catalyze the transfer of the L-fucose residues from GDP-L-fucose (GDP-Fuc) metabolites to various acceptors via an α1,2-, α1,3-, α1,4-e α1,6-linkage \[[@B13], [@B30]\]. Nine FUTs have been identified so far and among them six catalyze α1,3 linkage; they are FUTs 3, 4, 5, 6, 7 and 9 \[[@B29], [@B30]\]. FUT3 and FUT6 are involved in the synthesis of sialyl Lewis X (sLe^x^) structure \[NeuAcα2-3Galβ1-4(Fucα1-3)GlcNAcβ-R\], and Le^x^ structure, \[Galβ1-4(Fucα1-3)GlcNAcβ-R\] and FUT3 can also exhibit α1-4 fucosyltransferase activity, resulting in the synthesis of type 1 Lewis antigens such as Le^a^ \[Galβ1-3(Fucα1-4)GlcNAcβ-R\] and Le^b^ \[(Fucα1-2)Galβ1-3(Fucα1-4)GlcNAcβ \[[@B29]\].

Many studies have been demonstrating the involvement of FUTs in cancer progression \[[@B3], [@B7], [@B8], [@B16], [@B20]\], being found over-expressed during tumorigenesis and neoplastic progression in thyroid carcinoma, ovarian carcinoma, colorectal adenocarcinoma, breast cancer and brain metastasis from lung carcinoma \[[@B31]\]. In metastatic prostate cancer it is also observed their activity forming Lewis antigens, facilitating interaction with E-selectin in the vascular endothelium, via L-fucose residues \[[@B3]\]. In the present study, we investigated the FUT3 and FUT6 expression in PA and BPH and their correlation with PA clinical and histopatological data.

II. Materials and Methods
=========================

Tissue samples
--------------

Eighty formalin-fixed, paraffin-embedded PA (n=40) and BPH (n=40) samples were obtained from patients who were diagnosed by two independent pathologists from Hospital das Clínicas, Universidade Federal de Pernambuco (HC-UFPE), Northeast of Brazil, between the years of 2007 and 2009. PA clinical and histopathological data including age, tumor aggressiveness, Gleason classification and pTNM classification were obtained at the Pathology sector of the same hospital. This project was approved by the Health Center Science Ethical Committee CCS-UFPE (SISNEP FR--272931, CEP/CCS/UFPE N° 195/09).

Immunohistochemistry (IHC)
--------------------------

Four-micrometer tissue sections from formalin-fixed, paraffin-embedded biopsies were deparaffinized in xylene and hydrated in graded ethanol (70--100%). Afterwards, samples were submitted to antigen retrieval in 10 mM citrate buffer (pH 6.0) in a vapor chamber for 30 min; after cooling, the slices were incubated with hydrogen peroxide-methanol solution (1 : 1) for 30 min at 25°C, followed by blocking with bovine serum albumin 1% (BSA) solution (prepared in 100 mM sodium phosphate buffer solution, pH 7.2--PBS) for 1 hr. Then, the slices were incubated with rabbit polyclonal antibody anti-FUT3 (1 : 200, Sigma-Aldrich, St. Louis, MO, USA) and polyclonal antibody anti-FUT6 (1 : 200, Sigma-Aldrich, St. Louis, MO, USA), separately, overnight at 4°C. Incubation with ADVANCE^TM^ HRP LINK (DAKO, Produktionsvej, Denmark) was performed for 45 min, followed by ADVANCE^TM^ HRP ENZIME (Produktionsvej, Denmark) for 45 min both at 25°C, a biotin-free polymer method. Peroxidase reaction was revealed with 3,3'-diaminobenzidine (DAKO, Produktionsvej, Denmark) and hematoxylin was used for counter-staining. Washes between protocol steps were performed with 10 mM sodium phosphate buffer, containing NaCl 0.15 M (PBS), pH 7.2 (2×5 min). Negative staining controls were obtained by replacing primary antibodies for PBS-BSA. For image acquisition, an Image Analyses System (software NIS---Elements F version 2.30 ---Nikon, Tokyo, Japan) was used and the results were analyzed by nonparametric tests (Fisher's exact test) with a significance level of 95% (p\<0.05) using GraphPad Software (San Diego, CA, USA). Tissue staining was classified as positive or negative based on the intensity of antibody signal (negative, weak, moderate and strong) and percentage of stained cells according to The Human Protein Atlas \[[@B27]\]. For statistical analysis, samples were dichotomized in positive and negative groups, considering positive samples when more than 10% of neoplastic cells were moderate or strong reactive to FUTs antibodies.

III. Results
============

FUT3 and FUT6 immunoexpression in PA and BPH were observed in cytoplasm-perinuclear staining, consistent with the Golgi apparatus localization (Fig. [1](#F1){ref-type="fig"}). The staining intensity were homogeneous for both FUTs. FUT3 showed a weak to moderate staining pattern in both BPH and PC lesions. On the other hand, FUT6 showed moderate to intense staining pattern for both pathologies. FUT6 was more immunoexpressed in PA cases than FUT3 (p\>0.0001), staining thirty-eight samples (95%) for FUT6 and seventeen samples (42.5%) for FUT 3. In BPH lesions, FUT6 was more expressed than FUT3, thirty-seven samples (92.5%) and thirty samples (75%) respectively, despite this different expression pattern it was not statistically significant (p=0.0661). Interestingly, FUT3 results revealed the overexpression of this enzyme in BPH in relation to PA (p=0.033), differing from FUT6 that is overexpressed in both lesions (Fig. [2](#F2){ref-type="fig"}).

FUT3 and FUT6 immunoexpression patterns and their correlation with clinic-histopathologic features in PA (age, tumor aggressiveness, Gleason classification, pT classification, pN classification and distant metastasis status) are presented (data not shown). It was not found any correlation between FUTs IHC and PA data.

IV. Discussion
==============

Carbohydrates in cell surface molecules, such as in glycoconjugates, play important roles in neoplastic cells altering components in many different cancers, and it is known to be correlated with proliferation, invasiveness and metastasis \[[@B29]\]. Cell molecules are glycosylated by a series of glycosyltransferases resulting in glycan structures changes that may vary according to the physiological status of the organ \[[@B21]\]. FUTs are one type of these enzymes involved in glycosylation and their expressions have been studied in gastrointestinal carcinoma cell lines, gastric cancer cell lines, colon cancer cell lines, colorectal carcinoma tumor; prostate cancer cell lines, and ovarian carcinoma tumors cell lines \[[@B3], [@B4], [@B7], [@B10], [@B14], [@B23], [@B29], [@B30]\]. Nearly, most of all malignant cells demonstrate alterations in their glycosylation patterns when compared to their normal counter-part. According to Ghazarian *et al.* \[[@B11]\], alterations in glycosylation are often the result of altered activities of their respective enzymes, as it is evident in the specific and preferential display of certain glycoconjugates on cancer cells. In our work, FUT3 and FUT6 expression was studied in PA and BPH. Stern *et al.* \[[@B25]\] is the only study regarding FUT3 and FUT6 expression using immunohistochemistry in lung and prostate normal tissue, showing no staining for both. On the other hand, normal colon and kidney tissues showed high immunoexpression for both enzymes as well as colorectal tumor, showing high immunoexpression for FUT3 and FUT6 in 70% of cases.

No data were found, so far, relating these enzymes immunostaining with PA and BPH tissue using IHC. The FUT6 overexpression in PA cases (p\>0.0001) and FUT3 and FUT6 in BPH cases (even with no statistic significance) observed by IHC are in accordance with Barthel and coworkers' results \[[@B3], [@B4]\]. By using molecular biology techniques, they showed that FUT3 and FUT6 overexpression in PA are involved with metastasis via Sialyl Lewis^x^ synthesis induction, E-selectin-mediated adhesion induction and cell trafficking. Therefore, Yin *et al.* \[[@B30]\] observed that FUT3 is highly expressed in prostate cancer cell line MDA PCa2b, increasing cell growth rate and circulation if epithelial cancer cells. Our study showed the localization of these enzymes in cytoplasmic points, suggesting the Golgi apparatus, confirming that the glycosylation process is highly active and that these two enzymes are important for tumor features \[[@B25]\]. Thus, our research corroborates with studies using lectin histochemistry, specific for α1-3 and α1-4 L-fucose in PA \[[@B1], [@B2], [@B9], [@B19], [@B24]\] and BPH tissues \[[@B2], [@B17]\], demonstrating for the first time the immunostaining of enzymes responsible for adding fucose residues in prostatic tissues.

In summary, this study showed new data about FUT3 and FUT6 expression in PA and BPH, especially for FUT6, proposing that these enzymes could be promising targets for prostate alterations. Besides this, it showed FUT3 overexpression in BHP in relation to PA, proposing that this enzyme could be a promising biomarker for benign prostate alterations. More studies are in progress to elucidate the role of FUT6 in the carcinogenesis and in the maintenance and development of prostatic tumors.
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![FUT3 and FUT6 immunoexpression profile. **A)** and **B)** presents FUT3 and FUT6 stainings in BPH, respectively. **C)** and **D)** shows FUT3 and FUT6 staining pattern in PA, respectively. In all figures indicates perinuclear and granular staining typical from Golgi apparatus.](AHC13010f01){#F1}

![Evaluation of FUTs in PA and BHP. **A)** FUT3 are more expressed in BHP cases than FUT6. **B)** FUT6 are more expressed in PA cases than FUT3. Comparing **A** and **B** can be observed FUT3 overexpression in BPH in relation to PA cases (p=0.033).](AHC13010f02){#F2}
